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Abstract 
The sensitization of lanthanide complexes in the visible region is of particular interest for20 
practical applications such as labeling, biological analysis and optoelectronics. A visible-light
sensitized Er3+ complex based on the use of a highly conjugated β-diketonate (1,3-di(2-
naphthyl)-1,3-propanedione, Hdnm) and 5-nitro-1,10-phenanthroline (5NO2phen) as an
ancillary ligand, [Er(dnm)3(5NO2phen)], has been synthesized, fully characterized and its 
photophysical properties have been investigated. Suitably expanded π-conjugation in the 25 
complex molecule makes the excitation window red-shifted to the visible region (up to 550 nm). 
Efficient energy transfer by antenna effect results in 1.53 µm emission from the Er3+ ion.
Keywords: erbium(III), β-diketonate, antenna effect, near-infrared, photoluminescence 
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1. Introduction
Fostered by potential applications in medical imaging and optical telecommunications, 
there is an increasing interest in the design of lanthanide complexes that exhibit near-infrared 
(NIR) luminescence [1]. NIR emission has been reported to have advantages for biological 35 
applications in terms of medical imaging resolution, detection sensitivity and transmittance of 
the tissues, as noted by Sun et al. [2]. In addition, NIR-emitters can also find applications in 
active and passive optical architectures [3-7], solar energy conversion [8-10] and sensory 
technology [11,12].  
Nevertheless, 4f–4f electronic transitions of lanthanide (Ln3+) ions are forbidden by parity 40 
and spin rules, leading to very small absorption cross-sections and low molar absorptivities. 
This drawback can be circumvented by resourcing to suitable strong absorbers, which can 
sensitize the lanthanide ion via the so-called antenna effect [13]. This two-step excitation 
process has been successfully exploited using various organic based sensitizers [14] and 
transition metal fragments covalently linked to lanthanide complexes [15-18]. 45 
The efficiency of the sensitization process is largely dependent on the energy level scheme 
of the ligands, which should be such that it maximizes the energy transfer path. Thus, the triplet 
state of the sensitizer must be closely matched to, or slightly above, the lanthanide ion’s 
emitting resonance levels, but not so close that thermal back energy transfer competes 
effectively with Ln3+ emission [19,20]. If this requirement is fulfilled, upon excitation of the 50 
organic ligand in the UV-VIS range, a large excited-state population can be achieved by using 
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light fluences four to five orders of magnitude lower than those required for bare ions [21,22]. 
Most popular ligands are UV-excitable [23], which can be unwanted and even harmful for 
living tissue, in the case of bio-sensing applications. Furthermore, no cheap pump sources are 
available in the UV [24]. Thus, one of the growing challenges in the chemistry of the lanthanide 55 
ions is to develop NIR luminescent lanthanide complexes that can be sensitized in the visible 
range (>400 nm).  
A promising means of achieving this longer-wavelength ligand-mediated sensitization is 
through the modification of the ligand molecule with a suitable expanded π-conjugated system, 
which have a smaller energy gap between the lowest singlet excited state S1 and the T1 state. In 60 
the early 2000s, in relation to Eu3+-complexes host:guest systems for organic light-emitting 
diodes (OLEDs), Heeger’s group directed their efforts towards the selection of ligands which 
would allow efficient Föster energy transfer from conjugated polymer hosts to the Eu3+-
complexes dopants [25]. This required sufficient spectral overlap between the emission 
spectrum of the polymer and the absorption spectra of the Eu3+ complexes [26,27]. By assessing 65 
various highly conjugated β-diketonates, they concluded that 1,3-di(2-naphthyl)-1,3-
propanedione (Hdnm) ligand had the best spectral overlap with the blue-emitting CN-PPP, 
leading to fast and efficient energy transfer from the host to the guest and eliminating almost all 
of the polymer emission. Similar results were obtained by Reynolds et al. [28] for polymers 
such as PPP-OR11 blended with [Yb(dnm)3(phen)] complexes. More recently, Divya et al. [29] 70 
have theoretically and empirically confirmed these claims, showing that naphthyl or biphenyl 
groups in the β-diketonate ligands remarkably extend the excitation window of Eu3+ complexes 
towards the visible region (up to 500 nm), resulting in quantum yields above 40%. 
Consideration of the foregoing results motivated us to design a new Er3+ complex using the 
1,3-di(2-naphthyl)-1,3-propanedione or dinaphthoylmethane (Hdnm) ligand, whose absorption 75 
band can extend into the visible region, as the main sensitizer, and 5-nitro-1,10-phenanthroline 
diimide as an ancillary ligand to complete the coordination sphere. The structure of this newly 
synthesized Er3+ complex has been elucidated by single crystal X-ray diffraction, and its thermal 
stability and photophysical properties have been evaluated. Photoluminescence measurements 
show that the dnm ligand successfully extends the excitation bands of the Er3+ complex to the 80 
blue-light region, leading to NIR-emission by antenna effect. Future efforts will focus on OLED 
devices fabrication using this and other visible-sensitized materials currently under 
development. 
 
 85 
2. Experimental 
 
2.1. Materials, synthesis and analytical data 
All reagents and solvents employed were commercially available and used as supplied 
without further purification. All the procedures for complex preparation were carried out under 90 
nitrogen and using dry reagents to avoid the presence of water and oxygen, which can quench 
metal photoluminescence. 
Tris(1,3-di(2-naphthyl)-1,3-propanedionate)mono(5-nitro-1,10-phenanthroline)erbium(III), 
[Er(dnm)3(5NO2phen)], was synthesized as follows: under stirring, a 1,3-di(2-naphthyl)-1,3-
propanedione (3 mmol) methanol solution (20 ml) was added to 1 mmol of Er(NO3)3∙5H2O in 95 
methanol. The mixture was neutralized by adding potassium methoxide (3 mmol) dropwise 
under vigorous stirring until potassium nitrate precipitated. KNO3 was removed by decanting, 
and 5-nitro-1,10-phenanthroline (1 mmol) was finally added. The mixture was heated to 75 ºC 
and stirred overnight, then washed with dioxane, and finally dried in vacuum to give product in 
90-95% yield (based on Er3+). Crystals suitable for X-ray analysis were obtained by slow 100 
evaporation of a methanol-dioxane solution at room temperature (RT).  
[Er(dnm)3(5NO2phen)]: Chemical formula: C81H52ErN3O8, MW: 1362.55. Anal. Calcd. for 
C81H52ErN3O8: C, 71.40; H, 3.85; Er, 12.28; N, 3.08; O, 9.39. Found: C, 71.83; H, 4.05; N, 2.98. 
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2.2. X-ray crystallographic analysis 105 
Prior to structural characterization, a powder diffractogram of the complex was obtained 
using a Bruker D8 Advance Bragg-Brentano diffractometer, in reflection geometry. 
For the determination of the crystal structure by X-ray diffraction, a crystal of the 
aforementioned compound was glued to a glass fibre and mounted on a Bruker APEX II 
diffractometer. Diffraction data was collected at room temperature 293(2) K using graphite 110 
monochromated MoKα (λ=0.71073 Å). Absorption corrections were made using SADABS [30]. 
The structure was solved by direct methods using SHELXS-97 [31] and refined anisotropically 
(non-H atoms) by full-matrix least-squares on F2 using the SHELXL-97 program [31]. 
PLATON [32] was used to analyse the structure. Mercury, version 3.3 [33], was used for figure 
plotting. Atomic coordinates, thermal parameters and bond lengths and angles have been 115 
deposited at the Cambridge Crystallographic Data Centre (CCDC). Any request to the CCDC 
for this material should quote the full literature citation and the reference number CCDC 
1006734. 
 
2.3. Physical and optical measurements 120 
The C, H, N elemental analyses were conducted using a Perkin Elmer CHN 2400 
apparatus. 
Differential scanning calorimetry (DSC) data were obtained on a DSC Pyris1 Perkin Elmer 
instrument, equipped with an intracooler cooling unit at -25 ºC (ethylenglycol-water, 1:1 v/v, 
cooling mixture), with a heating rate β=10°C/min, under a N2 purge, 20 mL/min.  125 
Infrared spectra were recorded with a Thermo Nicolet 380 FT-IR apparatus equipped with 
Smart Orbit Diamond ATR system.  
The UV-Vis-NIR diffuse reflectance spectrum of the material in the range from 200 to 
2000 nm was measured using an integrating sphere coupled to a spectrophotometer (Agilent 
Cary 5000) in powder form. 130 
The photoluminescence (PL) spectra in the UV-Vis region and the ligand fluorescence 
decays were obtained exciting with a 280 nm picosecond pulsed light emitting diode (Edinburgh 
Instruments EPLED-280), with a typical pulse width of 700 ps, and a 405 nm picosecond pulsed 
diode laser (Edinburgh Instruments EPL-405), with a typical pulse width of 80 ps, and recorded 
using a fluorescence spectrometer with a single photon counting multichannel plate 135 
photomultiplier and a dedicated acquisition software (Edinburgh Instruments LifeSpec II and 
F900 software). The NIR PL spectrum was measured exciting the sample using a 450 W Xenon 
arc lamp followed by a 0.22 m double-grating monochromator (Spex 1680) to provide an 
excitation beam centred at 450 nm. The NIR emission was focused with a convergent lens onto 
a 0.18 m single-grating monochromator (Jobin Yvon Triax180, grating 600 grooves/mm) with a 140 
resolution of 0.5 nm and then detected with an InGaAs detector. The NIR luminescence decay 
curves were measured both upon excitation of the ligands at 450 nm and upon direct excitation 
of Er3+ ions at 520 nm with an OPO (Continuum Panther OPO, Laser Photonics) pumped with a 
Nd-YAG (Surelite) [pulse width: 7 ns; frequency: 10 Hz]. The emitted light was dispersed with 
a 0.55 m single-grating monochromator (Jobin Yvon Triax550, grating 600 grooves/mm) and 145 
detected with a liquid nitrogen-cooled photomultiplier (Hamamatsu R5509-72) and a lock-in 
amplifier (7265 DSP Perkin Elmer). The lifetime was measured by using a digital oscilloscope 
(LeCroy 500 MHz). All spectra were corrected for the spectral response of the equipment, and 
samples were analysed directly as powder. 
 150 
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3. Results and discussion 
 
3.1. Structural description 155 
The mononuclear complexes in [Er(dnm)3(5NO2phen)] crystallize in the triclinic space 
group P1ത, with cell parameters a=10.2326(3) Ǻ, b=13.5753(4) Ǻ, c=23.9980(7) Ǻ, 
α=93.855(2)º, β=96.4920(10)º, γ=110.2500(10)º, V=3087.18(16) Ǻ3, with two complexes in the 
unit cell (see Figure 1 and Table 1). In each complex, the Er3+ ion is eight-coordinated with six 
oxygen atoms from the sensitizing ligands (1,3-di(2-naphthyl)-1,3-propanedionate) and two 160 
nitrogen atoms from the 5-nitro-1,10-phenanthroline neutral antenna, forming a distorted 
square-antiprismatic structure. The 5-nitro-1,10-phenanthroline ligand shows some signs of 
disorder with large thermal ellipsoids in the nitro group.	 The trivalent erbium ion lies 
approximately in the middle of the antiprism with a distance of 1.3467(2) Å to the face 
containing the N atoms and 1.2328(2) Å to the opposite square face containing exclusively O 165 
atoms. The angle between the least-squares plane of those square faces is 4.4º. The Er–N 
distances are 2.564(3) and 2.551(3) Å and the Er–O distances lie in the range 2.247(2)– 
2.305(2) Å. The N–Er–N bite angle is 63.17(9)º. The complex packs very efficiently in the 
crystal leaving no solvent accessible voids. 
 170 
 
Figure 1. A perspective view of the eightfold coordination of [Er(dnm)3(5NO2phen)].  
 
 
Table 1. Crystal data and structure refinement for [Er(dnm)3(5NO2phen)] complex 175 
Complex  [Er(dnm)3(5NO2phen)] 
Empirical formula  C81H52ErN3O8 
Formula weight  1362.52 
Temperature (K)  293(3) 
Wavelength (Å)  0.71073 
Crystal system  Triclinic 
Space group  P-1 
a (Å)  10.2326(3) 
b (Å)  13.5753(4) 
c (Å)  23.9980(7) 
α (º)  93.855(2) 
β (º)  96.4920(10) 
γ (º)  110.2500(10) 
Volume (Å3)  3087.18(16) 
Z  2 
Calculated density (g cm-3)  1.466 
Absorption coefficient (mm-1)  1.424 
F(000)  1382 
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θ range for data collection  3.11-25.72º 
Index ranges  -12<h<12; -16<k<16; -29<l<29  
Reflections collected  63758 
Independent reflections  9873 
Completeness to 2θ=51º  99.5% 
Refinement method  Full matrix LS on F2 
Data/restrains/parameters  11722/0/838 
Goodness-of-fit on F2  1.179 
Final R indices [I>2σ(I)]  R=0.0309; wR=0.0723 
R indices (all data)  R=0.0423; wR=0.0779 
Largest diff. peak and hole  1.088/-0.466 
 
 
Table 2. Selected distances and angles (Å,º) for [Er(dnm)3(5NO2phen)] 
Bond Distance Bonds Angle 
Er1-N1 2.564(3) O1-Er1-O2 71.69(8) 
Er1-N2 2.551(3) O2-Er1-O5 143.51(8) 
Er1-O1 2.286(2) O5-Er1-O6 72.09(8) 
Er1-O2 2.303(2) O6-Er1-O1 144.29(8) 
Er1-O3 2.247(2) O1-Er1-O5 73.05(8) 
Er1-O4 2.305(2) O2-Er1-O6 143.94(8) 
Er1-O5 2.300(2) O3-Er1-O4 72.49(7) 
Er1-O6 2.292(2) O3-Er1-N1 147.09(9) 
Er1-N avg. 2.558 O4-Er1-N2 135.67(8) 
Er1-O avg. 2.289 N1-Er1-N2 63.17(9) 
 
 180 
3.2. X-ray powder diffraction 
Figure 2 shows the experimental diffraction pattern and the simulated powder diffraction 
pattern from the single crystal structure using PLATON [32]. There is a good match between 
simulated and experimental diffractograms: the peaks appear at the predicted theta angles. 
Differences in intensity can be ascribed to the Bragg-Brentano geometry of the instrument used. 185 
 
 
 
Figure 2. Experimental (solid line) vs. simulated (dashed line) X-ray powder diffraction patterns for 
[Er(dnm)3(5NO2phen)] complex. 190 
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3.3. Thermal analysis by DSC 
The DSC curve of the complex (under N2 atmosphere) shows endothermic effects at 152.6 195 
ºC and 228 ºC, and exothermic effects above 240 ºC (see Figure 3). The first endotherm 
corresponds to melting, while the second one can be associated to partial 
vaporization/sublimation. When decomposition takes place above 240 ºC, two decomposition 
exotherms are observed, that can be tentatively attributed to the β-diketone ligand (at ca. 252 
ºC) and the diimine ligand (at around 276 ºC). 200 
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 Figure 3. DSC curve of [Er(dnm)3(5NO2phen)] complex. 
 
 205 
3.4. Vibrational characterization 
The IR absorption spectrum for the complex is shown in Figure 4. The absorption bands 
were identified in accordance with the literature [34-36]: the band at ca. 3050 cm-1 must be 
assigned to =C-H sp2 aryl vibrations. The bands in the 1340–1627 cm−1 region are assigned to 
symmetric and asymmetric (CN), (CC), (CCCO) vibrations. Those in the 733-1016 210 
cm-1 range are associated to δ(CH) out-of-plane bending vibrations and γ(CH) in-plane ring 
breathing modes, both from the naphtyl groups in the β-diketonate and from 5-nitro-1,10-
phenanthroline. The shifts in their respective frequencies (vs. those of free ligands) are due to 
the perturbations induced by the coordination to the Er3+ ion. Finally, vibrations in the region of 
400–700 cm−1 are to be assigned to (Er–O) and (Er-N) bonds, in agreement with Tsaryuk et 215 
al. [36].  
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 Figure 4. ATR-FTIR spectrum of [Er(dnm)3(5NO2phen)] complex. 
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3.5. Absorption spectrum 
The RT diffuse reflectance spectrum of the [Er(dnm)3(5NO2phen)] complex in the UV-
visible-NIR range (200-2000 nm) is given in Figure 5. The broad absorption bands in the 200-225 
500 nm range are associated to the π-π* transitions of the dnm (peak at ca. 410 nm) [2] and 5-
nitro-1,10-phenanthroline organic ligands (245-320 nm region) [37]. Above 500 nm, sharp 
peaks associated to intra-configurational 4f11–4f11 electronic transitions starting from the 4I15/2 
ground state to the different excited levels of the Er3+ ion can be observed, superimposed to the 
ligand absorption. All the absorption bands expected below 500 nm (above 20000 cm-1) are 230 
overlapped and masked by the ligand absorption bands. The main bands correspond to the 
transitions from the 4I13/2 ground state to 2H11/2 (~522 nm), 4S3/2 (~544 nm), 4F9/2 (~660 nm), 4I9/2 
(~802 nm), 4I11/2 (~977 nm) and 4I13/2 (~1532 nm) Er3+ excited states [38]. Figure 5 also shows 
the second and third overtones of aromatic C–H stretching vibration, which appear near 1675 
nm and 1140 nm, respectively. 235 
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Figure 5. Diffuse reflectance spectrum of the [Er(dnm)3(5NO2phen)] complex in the UV-visible-NIR 
range at RT. All transitions start from the 4I15/2 ground state to the indicated levels. 
 240 
 
3.6. Excitation spectrum and photoluminescence emission 
 
Photoluminescence in the visible range. The emission from the organic ligands in the UV and 
visible regions has been studied under direct excitation of the organic ligands at exc=280 nm 245 
(see Figure 6) and, taking advantage of the broad and red-shifted absorption band of the 
complex, upon excitation at exc=405 nm (see Figure 6). In the former case we can observe 
some residual emission from the organic part of the complex, with a maximum at around 370 
nm. Under 405 nm laser excitation, the emission exhibits another broad band from the ligands 
burned with Er3+-associated re-absorption bands, arising from the 2H11/2→4I15/2 transition at 250 
around 525 nm and the 4F9/2→4I15/2 transition at around 650 nm. Since the emission spectra have 
been measured in powder, it is expected that they may be slightly red-shifted in comparison to 
those obtained in solution, as a result of the aggregation state. 
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 Figure 6. PL emission of [Er(dnm)3(5NO2phen)] complex in the visible region upon excitation at 280 nm 255 
and 405 nm. The absorption spectrum (in red) is also included for comparison.  
 
 
NIR photoluminescence spectrum. The NIR emission spectrum was recorded upon 
excitation of the organic ligands at 450 nm using a Xe lamp (see Figure 7). A broad emission in 260 
the near-IR region is obtained, peaking at around 1530 nm. The emission profile shows some 
structure associated to the Stark energy levels hyperfine structure and the electron population 
distributions of the 4I13/2 and 4I15/2 multiplets.  
This emission is the result of an efficient energy transfer from the organic ligands to the 
Er3+ lanthanide ions in the resulting local environment in the complex under study (the so-called 265 
antenna effect): upon optical excitation in the UV (see Figure 8), the organic ligands are excited 
from the singlet ground state to a singlet excited state (S0→Sn). The molecule then undergoes 
fast internal conversion, and the Sn state decays into the lowest energy singlet excited state 
(Sn→S1) on the ligand. Ligand singlet excited states S1 can either decay to the ground state S0 
(molecular fluorescence), or to triplet states Tn through an intersystem crossing (ISC) 270 
mechanism enhanced by heavy atom effect (S1→T1). The triplet state T1 can be deactivated 
radiatively to the S0 ground state by the spin-forbidden transition T1→S0, which would result in 
molecular phosphorescence, or the excited triplets can subsequently populate the upper levels of 
the lanthanide ion via resonant energy transfer (RET) [39]. The latter process can occur either 
via Dexter [40] or Förster [26] mechanisms, depending on total angular momentum variation 275 
(ΔJ) undergone by the lanthanide ion [41,42]. After this indirect excitation by energy transfer, the 
Er3+ ion undergoes radiative decay to a lower 4f state resulting in the characteristic line-like 
lanthanide-centered luminescence [12]. 
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region (exc=450 nm). 
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 Figure 8. Scheme of the energy transfer mechanisms and emission processes. The singlet values 285 
(1ππ*=24400 cm-1 for dnm and 31250 cm-1 for 5NO2phen) have been estimated from the absorption 
spectrum. The triplet values (3ππ*=19100 cm-1 for dnm and 20048 cm-1 for 5NO2phen) have been taken 
from the literature [2,37]. GSA stands for ground state absorption. 
 
 290 
Excitation spectrum. The excitation spectrum of the 4I13/2→4I15/2 emission is shown in 
Figure 9. It is in good agreement with the excitation spectra reported by Sun et al. [2] for 
analogous complexes. It features a broad band at about 450 nm, which is close to the absorption 
maximum of the corresponding organic ligands in the UV-Vis absorption spectrum, further 
confirming that the sensitization of the emissive metal center is by energy transfer mediated by 295 
these ligands. The peak at ca. 530 nm can be assigned to the intrinsic Er3+ transition 
4I15/2→2H11/2. 
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 Figure 9. Excitation spectrum of Er3+ in [Er(dnm)3(5NO2phen)] complex monitoring the 4I13/2→4I15/2 300 
emission at 1530 nm at RT. 
 
 
3.7. Lifetime measurements 
The decay of the ligand fluorescence was first measured using a high repetition rate pulsed 305 
UV diode centered at 280 nm. The detection wavelength was tuned at the maximum of the 
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S1→S0 fluorescence band, at 370 nm. The decay of the fluorescence (not shown) was so fast that 
it could not be resolved with this excitation source. Therefore, this decay was measured again 
using the significantly faster 405 nm picosecond pulsed diode laser, with a typical pulse width 
of 80 ps, observing a non-exponential decay (see Figure 10).  310 
The non-exponential character of the decay is characteristic of solid powder samples in 
which, in addition to the radiative and multiphonon relaxation processes, other interactions -
such as ligand-to-ligand and ligand-to-metal interactions contribute to the overall decay of the 
fluorescence. In order to quantify the average lifetime value of the fluorescence, the decay curve 
has been successfully fitted to a double exponential decay of the type: 315 
 ܫሺݐሻ ൌ ܤଵ ∙ ݁ሺି௧/ఛభሻ ൅ ܤଶ ∙ ݁ሺି௧/ఛమሻ (1) 
The fitting was made using IRF reconvolution analysis with F900 software (Edinburgh 
Instruments). The average lifetime is then calculated using the following equation [43]: 
 ߬௔௩ ൌ ሺܤଵ߬ଵଶ ൅ ܤଶ߬ଶଶሻ ሺܤଵ߬ଵ ൅ ܤଶ߬ଶሻ⁄  (2) 
The obtained average lifetime of the S1 excited state of [Er(dnm)3(5NO2phen)] complex is 320 
about 0.16 ns. This is a relatively short lifetime value, which may be related to an efficient 
ligand-to-metal energy transfer process. 
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 Figure 10. Room temperature PL decay curve of the ligand-associated emission in the visible region 325 
upon excitation at 405 nm. The instrument response function is represented as a dashed line. 
 
 
The NIR PL decay of the 4I13/2 multiplet was measured both upon ligand-mediated 
excitation (at 450 nm) and upon direct excitation of the Er3+ ions (at 520 nm) with an OPO laser 330 
at 10 Hz repetition rate. The decay shows a single exponential behavior, which can be observed 
as a linear dependence in the semi-log representations of Figure 11. The good fitting to a single-
exponential function confirms a unique and consistent coordination environment around the 
lanthanide ion [44]. The 4I13/2 lifetime value for the complex is =1.57 µs, which is similar to 
other Er3+ complexes previously reported by our group (see Table 3) and by other authors (e.g., 335 
[45,46]). This value, although almost one order of magnitude larger than that reported for 
erbium(III) tris(8-hydroxyquinolate) or ErQ3 (0.2 µs in powder form) [47], is significantly 
smaller than those attained for Er(F-tpip)3 (where HF-tpip stands for 
tetrapentafluorophenylimidodiphosphinate) [48] or for perfluorinated nitrosopyrazolone-based 
erbium chelates [49]: 164 µs and 15.7 µs, respectively. Thus, it can be inferred that 340 
perfluorination of β-diketonate ligands and the N,N-donor moiety is required so as to further 
increase the lifetime. If we consider that the radiative lifetime of the 4I13/2 excited level ranges 
around 2–3 ms, the quantum efficiency of the NIR transition of this compound is about 0.1%. 
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Time (s)  345 Figure 11. Room temperature PL decay of the 4I13/2 multiplet measured under ligand excitation at 450 nm 
(black) and upon direct excitation of Er3+ at 520 nm (red). The single-exponential fit is also included 
(dashed blue line). 
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Table 3. PL decay values of the 4I13/2 multiplet for several non-fluorinated (top) and fluorinated (bottom) 
Er3+ β-diketonante complexes. 
Complexes† NIR emission lifetime (µs)  Reference 
[Er(acac)3(bath)] 1.02  [50] 
[Er(dbm)3(bipy)] 1.50  [51] 
[Er(h)3(bipy)] 0.97  [52] 
[Er(h)3(bath)] 1.16  [52] 
[Er(h)3(5NO2phen)] 1.08  [52] 
[Er(hd)3(bipy)] 1.05  [53] 
[Er(dmh)3(bipy)] 1.67  [54] 
[Er(dmh)3(bath)] 1.69  [54] 
[Er(dmh)3(5NO2phen)] 1.38  [54] 
[Er(thd)3(bath)] 1.38  [55] 
[Er(od)3(bipy)] 1.26  [56] 
[Er(od)3(bath)] 1.09  [56] 
[Er(od)3(5NO2phen)] 1.02  [56] 
[Er(nd)3(bipy)] 1.22  [57] 
[Er(tfa)3(bipy)] 1.24  [58] 
[Er(tfnb)3(bipy)] 1.53  [59] 
[Er(tfac)3(bipy)] 1.65  [60] 
[Er(tfac)3(bath)] 1.40  [60] 
[Er(tfac)3(5NO2phen)] 1.33  [60] 
[Er(tpm)3(bipy)] 1.77  [61] 
[Er(tpm)3(bath)] 1.55  [61] 
[Er(tpm)3(5NO2phen)] 1.53  [61] 
[Er(fod)3(bipy)] 1.50  [62] 
[Er(fod)3(bath)] 1.39  [62] 
† Hacac=acetylacetone, Hdbm= dibenzoylmethane, Hh=2,4-hexanedione, Hhd=3,5-heptanedione, Hdmh=2,6-
dimethyl-3,5-heptanedione, Hthd=2,2,6,6,-tetramethyl-3,5-heptanedione, Hod=2,4-octanedione, Hnd=2,4-
nonanedione, Htfa=4,4,4-trifluoro-1-(2-furyl)-1,3-butanedione, Htfnb=4,4,4-trifluoro-1-(2-naphthyl)-1,3-355 
butanedione, Htfac=1,1,1-trifluoro-2,4-pentanedione, Htpm=1,1,1-trifluoro-5,5-dimethyl-2,4-hexanedione, 
Hfod=6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3,5-octanedione 
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4. Conclusions 
A new Er3+ complex with 1,3-di(2-naphthyl)-1,3-propanedione β-diketonate ligand and 5-
nitro-1,10-phenanthroline diimide has been synthesized and its properties studied. The 
elucidation of the structure of [Er(dnm)3(5NO2phen)] by single crystal X-ray diffraction shows 
that the complex packs very efficiently in the crystal leaving no solvent accessible voids, and 365 
thermal analysis confirms good stability up to 240 ºC.  
Photoluminescence measurements show that the dnm ligand successfully extends the 
excitation bands of the Er3+ complex to the blue region, allowing sensitization in the visible 
range and circumventing the problems associated to UV pumping (in terms of cost and for bio-
sensing applications). Efficient energy transfer by antenna effect results in 1.53 µm emission 370 
from the Er3+ ion. 
In spite of the fact that the expanded π-conjugation in the complex molecule makes the 
excitation window red-shifted to the visible region (up to 550 nm) can be regarded as 
promising, the 4I13/2 lifetime (1.57 μs) is still limited by second-sphere matrix interactions and is 
similar to the majority of Er3+ β-diketonate complexes reported to date. Perfluoration of the 375 
complex is suggested as a course of action for future work.	
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